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Bacteria are one of the most diverse groups of organisms on our planet and are exquisitely adapted for survival in diverse
environments ranging from the human digestive tract to deep-sea hydrothermal vents. As bacteria have evolved to op-
timally inhabit and exploit their host environments, so too have their hosts changed in response to the presence of these
prokaryote interlopers. This issue’s Microbiology Select highlights recent findings that shed light on the interactions of
bacteria with their environments as well as the beneficial contributions that some bacteria make to their hosts.
The Invisible Trillions in Your Gut
Microbes inhabit the mammalian gut by the trillions, providing valuable enzymes not en-
coded by the host genome that help the host to digest nutrients. A new study by Ley et al.
(2008) examines the part that the gut microbiota may play in diet-driven speciation of
mammals. The authors surveyed the fecal microbial communities of 60 mammalian spe-
cies including humans and used network-based analyses to cluster 20,000 bacterial 16S
rRNA sequences from the gut microbiota according to mammalian host phylogeny and
diet. The results revealed that host diet and host phylogeny both influence bacterial di-
versity and that bacterial communities have codiversified with their hosts. Themammals,
from both zoos and the wild and from a broad range of geographical locations, included
omnivores, herbivores, and carnivores, as well as those with more unusual diets for their
phylogeny, such as the red panda and the colobus monkey. Herbivores showed the
greatest bacterial species diversity of their gut microbiota, followed by omnivores and
carnivores. The fact that different mammals with similar lifestyles can evolve similar mi-
crobial communities with similar functions suggests that acquisition of new gut microbial
communities may be an essential component of adaptation to new ecological niches.
The humans included in this global survey of mammalian gut microbiota clustered with
other omnivorous primates and were not uncharacteristically diverse, suggesting that
we are unremarkable in terms of our gut microbial ecology.
R.E. Ley et al. (2008). Science. Published online May 22, 2008. 10.1126/science.1155725.
A Sweet Treatment for Gut Inflammation
Beyond helping the host organism to digest nutrients, bacteria may also play amore direct role in maintaining host health. Gut
inflammation is not only detrimental to the host but also to the host’s microbial inhabitants. Mazamanian et al. (2008) now re-
port that the bacterium Bacteroides fragilis,which is commonly found in the lower gastrointestinal tract of mammals, secretes
a polysaccharide (PSA) that prevents gut inflammation (colitis) in mice. In the gut, the balance between CD4+ effector T lym-
phocytes and regulatory T lymphocytes maintains immune system homeostasis and prevents inflammation. The authors
found that mice administered with either the bacterium Helicobacter hepaticus or the drug TNBS, which activate CD4+ effec-
tor T cells, developed colitis. However, if the mice were given B. fragilis simultaneously with the colitis-inducing agents, gut
inflammation was prevented. It turns out that the most abundant polysaccharide of the B. fragilis capsule, PSA, was respon-
sible for blocking inflammation. A form of B. fragilis lacking PSA could not rescue gut inflammation in the mouse model of
colitis, but gut inflammation was prevented when the mice were given purified PSA orally. Intriguingly, Mazamanian et al.
determined that the colitis-inhibiting action of PSA required the anti-inflammatory cytokine, interleukin-10 (IL-10), which is
secreted by certain CD4+ T cells. These data reveal that gut microbes may actively network with the host immune system,
demonstrating a clear link between the composition of the gut microbiota and host health. The authors propose that loss
of beneficial gut microbes may contribute to human inflammatory bowel diseases, such as Crohn’s disease, and suggest
that harnessing the immunomodulatory capabilities ofmicrobial factors such as PSA could form the basis of a new therapeutic
effort for treating these inflammatory disorders.
S.K. Mazmanian et al. (2008). Nature 453, 620–625.
A CRISPR View of Virus-Microbe Interactions
Unlike laboratory monocultures, bacteria in the environment exist in diverse microbial communities that are shaped by their
interactions with viruses. Bacteria and archaea possess a viral resistance system in which sequences (spacers) within clus-
tered regularly interspaced short palindromic repeats (CRISPR) confer resistance against a specific virus if they exactly match
the virus sequence. To examine the dynamics of virus interactions with their bacterial and archaeal hosts, Andersson and
Banfield (2008) reconstructed the composite bacterial, archaeal, and viral genomic sequences in DNA extracted from the mi-
crobial communities in two natural biofilms. This analysis revealed that the viruses within the biofilms existed as a heterogenic
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population shaped by extensive homologous recombination. This genomic shuffling may allow these
viruses to evade resistance mounted by the microbial CRISPR sequences. Surprisingly, examination
of microbial CRISPR sequences showed that each host contains a distinct set of sequences, only
a few of which are common to the entire microbial community. This indicates that each cell possesses
resistance to a different set of viruses. Intriguingly, the authors found indications in one specific archaeal
species of a selective sweep through the population for the acquisition of resistance to a new virus. They
suggest that the stability of the microbial community is dictated by the balance between an increase in
the number of CRISPR sequences and diversification of the virus population. As the CRISPR sequences
cannot expand to encompass resistance to all possible viruses, the lack of resistance to any one partic-
ular virus may provide an opening that the virus can then exploit.
A.F. Andersson and J.F. Banfield (2008). Science 320, 1047–1050.
Immunity for One
Like their hosts, bacteria are constantly challenged by potentially detrimental environmental events such
as the acquisition of foreign genes. Cardinale et al. (2008) reveal that an essential transcription termina-
tion factor in the bacterium Escherichia coli called Rho is important in repressing the expression of for-
eign DNA. The authors treated E. coli with a specific antibiotic inhibitor of Rho called bicyclomycin to
determine at a genome-wide level the consequences of Rho loss. Surprisingly, expression microarrays
of inhibitor-treated cells (or cells lacking the Rho cofactors NusA or NusG) revealed amarked increase in
transcription of genes acquired by horizontal transfer or from integration of bacteriophage sequences
(prophage). The authors found that expression of two specific prophage operons in the genome of
E. coli treated with bicyclomycin was due to the ability of RNA polymerase to ignore transcriptional termination points in
the absence of Rho. Notably, prophage, transposon, and insertional sequence-rich regions (K islands) in the genome of
this E. coli laboratory strain may be particularly dependent on Rho for transcriptional termination. Why might it be important
for E. coli to repress the expression of foreign DNA? The authors found that bicyclomycin-treated E. coli express normally
repressed prophage genes that encode an inhibitor of cell division, which kills the cells. An E. coli strain lacking these partic-
ular prophage genes showed a dramatic decrease in sensitivity to bicyclomycin treatment. Given that acquisition of antibiotic
resistance by microbes is often mediated by horizontal transfer of antibiotic-resistance genes from cell to cell, this study rai-
ses exciting questions. For example, do bacteria have specific Rho inactivation mechanisms that allow selective expression
of foreign DNA elements that confer increased fitness and survival?
C.J. Cardinale et al. (2008). Science 320, 935–938.
Foreign DNA Welcomed Here
Although the expression of foreign DNAmay pose concerns for bacteria, their DNAmay actually
be a welcome addition to the genome of another organism, namely, the bdelloid rotifer. Glady-
shev et al. (2008) now report that despite the typically rare occurrence of horizontal gene transfer
in metazoans, the genome of this small freshwater invertebrate is littered with the contribution of
genes from other organisms, including bacteria. Bdelloid rotifers are asexual organisms that can
withstand desiccation at any stage of their life cycle. In analyzing the diverse transposable
elements in the rotifer genome, Gladyshev and colleagues discovered numerous protein-coding
regions with strong homology to bacterial, fungal, and plant genes that encode enzymes.
Although some of these genes show divergence through degeneration of coding regions, others
appear to be still intact and functional, and some have even acquired functional spliceosomal
introns. In fact, a copy of a ubiquitous bacterial gene (Ddl, encoding a D-Ala-D-Ala ligase) iso-
lated from the rotifer genome was able to produce active protein in the bacterium Escherichia
coli. The rotifer genome also harbors rare genes found in certain proteobacteria. These genes
are preserved in the same relative orientation as in the original bacterial species and thus may
have integrated in a single event. Intriguingly, the foreign genes in the rotifer genome are concen-
trated near telomeric regions, suggesting that these genes could have become incorporated by
fusion with the unprotected ends of the rotifer chromosomes (telomeres). The observation of
marked horizontal gene acquisition in bdelloid rotifers may explain the success of this organism
in adapting to a range of environments despite its lack of a sexual reproductive cycle.
E.A. Gladyshev et al. (2008). Science, 320, 1210–1213.
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